
Abstract In his landmark 1989 paper, R.R. Hofmann
classified ruminants into three categories based upon di-
gestive anatomy and preferred forages, and proposed that
divergence of feeding strategies among ruminants is a re-
sult of morphological evolution of the digestive tract. Be-
cause of the hypothetical nature of these views and the in-
grained beliefs that they challenged, several papers were
published that reported tests of Hofmann’s predictions.
The consensus among these papers was that Hofmann’s
predictions were inadequate. I describe the experimental
evidence that has been put forth in opposition to the rumi-
nant diversification hypothesis and contend that we have
failed to adequately test Hofmann’s predictions.
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Early attempts to explain variation found in feeding strate-
gies of free-ranging ruminants classified individual species
as “browsers” or “grazers” based upon types of forage con-
sumed. Though an important step in understanding the
complexities of ruminant nutrition, Hofmann and Stewart
(1972) recognized that feeding strategies of ruminants
could not simply be classified into two categories, and pro-
posed three categories (i.e., bulk and roughage eaters, se-
lectors of concentrate forages, and intermediate feeders)
based upon stomach structure and feeding ecology. Hof-
mann (1984) later documented variation in all portions of
the digestive anatomy among the three categories of his
system of ruminant classification. The dynamic interac-
tions among body size, fermentation and passage rates, and
energetic requirements, and their influence on dietary strat-
egy formed the basis for these early classifications.

In a landmark paper, Hofmann (1989) expanded upon
the concepts proposed by Hofmann and Stewart (1972)
and Hofmann (1984) by providing a working hypothesis
of the functional and morphological basis for diversity in
ruminant feeding strategies. Hofmann (1989) proposed
that feeding strategies ranged from nonselective intake
of bulk roughage and efficient fermentation in the fore-
stomach, to selectivity for concentrate forages (high in
plant cell content) with increased post-ruminal digestion.
This hypothesis challenged many beliefs regarding di-
gestion in free-ranging ruminants and proposed that we
reexamine the manner in which ruminant herbivores ob-
tain nutrients from the environment.

Because of the magnitude of Hofmann’s hypothesis,
several papers (Gordon and Illius 1994, 1996; Robbins et
al. 1995) were published describing tests of his predic-
tions. These researchers examined components of Hof-
mann’s hypothesis and concluded that they did not find
support for morpho-physiological adaptations to diet
type within classes of ruminants. They attributed differ-
ences in digestive function to body mass or food charac-
teristics. As a result, the consensus has been that Hof-
mann’s hypothesis regarding gut morphology and func-
tion in classes of ruminants is inadequate (Robbins et al.
1995; Illius 1997). However, upon critical examination
of both Hofmann’s hypotheses and subsequent critiques,
I contend that we have not adequately tested Hofmann
(1989). Although scientifically sound, the studies of
Gordon and Illius (1994, 1996) and Robbins et al. (1995)
did not completely examine components of the ruminant
diversification hypothesis and therefore should not be
considered to support or refute Hofmann (1989).

Hofmann (1989) proposed variations on the tradition-
al theme of foregut fermentation in the ruminant. In ad-
dition to suggesting that hindgut fermentation may play
an important role in some ruminant animals, he also
commented on postruminal digestion of soluble compo-
nents of the diet after rumen bypass via the reticular
groove (Hofmann 1989, p. 448). While post-ruminal fer-
mentation had previously received some attention (Van
Soest 1982), selective bypass of the rumenoreticular
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complex via the esophageal groove, and subsequent di-
gestion of some dietary components in the gastric ab-
omasum and small intestine was a novel idea. However,
it was not without basis. Ørskov et al. (1970) found that
domestic sheep could be “trained” to allow fluids to by-
pass the rumen and flow directly into the abomasum, and
Hofmann (1973) noted that the reticular groove is well
developed in adult ruminants. Hofmann (1984) had pre-
viously found that the reticular groove was wider and
salivary production greater in concentrate feeders than
roughage eaters. If a selective bypass mechanism were
present in the ruminant, a nutritional advantage could be
realized on some carbohydrate diets by a reduction of ru-
men fermentation losses in heat and methane following
rumen bypass (Ørskov 1986). Potential energetic losses
by fermentation of easily digestible forage components
can reach 10–20% of available energy (Björnhag 1994;
Stevens and Hume 1998). Similar mechanisms have
been proposed to explain digestive strategies in some ar-
boreal mammals that rely upon foregut fermentation
(Hume and Carlisle 1985; Hume et al. 1988; Cork and
Foley 1991; Cork 1996).

Hofmann (1989) also reported that salivary weight as
a percentage of body weight, is greater in concentrate se-
lectors than grass and roughage eaters, and Kay (1987)
found similar results when examining parotid salivary
glands. If rumen bypass of selected forages via the retic-
ular groove does occur in concentrate selectors, then in-
creased salivary production could aid in lubrication and
rapid bypass of the rumen and reticulum. The basis of
the ruminant diversification hypothesis of Hofmann
(1989) is differential digestion of forages both in the ru-
men and postruminally by concentrate selectors, and his
data suggest that there are morphological differences in
the digestive anatomy among the categories of ruminants
that relate to these digestive strategies.

Gordon and Illius (1994) tested a number of predic-
tions posed by Hofmann (1989) using a dataset of Afri-
can ruminants. They compared fermentation rates in the
fore- and hindgut and estimated volatile fatty acid (VFA)
and energy production in grazers and browsers. Although
they found no differences in fermentation rates [mol VFA
kg–1 dry matter (DM) day–1] in the rumen or cecum be-
tween classes of ruminants, they noted greater daily ener-
gy supplied by VFAs (kJ day–1) in the rumen of grazers
than browsers. These data suggest that browsers must ob-
tain greater energy from some other source (e.g., mid- or
hindgut) if they are to be as digestively efficient as graz-
ers. Gordon and Illius (1994) found no difference in the
energy supplied by VFAs in the cecum, but did not quan-
tify energy absorbed in the small intestine.

Gordon and Illius (1994) also estimated energy sup-
plied by VFAs in the rumen as a function of maintenance.
Their model (Gordon and Illius 1994, Fig. 3) indicated
that the ability of browsers to meet energetic require-
ments by rumen fermentation alone was much less than
grazers. Assuming equal metabolic requirements and fer-
mentation in the hindgut (Gordon and Illius 1994), then
either browsers are less efficient at extracting energy

from their diet than grazers, or browsers obtain energy
from a source other than the rumen or cecum (e.g., small
intestine). To conclude from these data that “there is little
difference in digestive strategy between African rumi-
nants with different morphological adaptations of the
gut” is somewhat premature. Although Gordon and Illius
(1994) briefly comment on rumen-bypass via the reticular
groove, they do not consider this mechanism as a possible
explanation for their experimental results.

Robbins et al. (1995) tested components of the rumi-
nant diversification hypothesis by comparing fiber diges-
tion, salivary gland size, resting (non-feeding) salivary
flow rates, and ruminal liquid flow rates between brows-
ers and grazers. They found no differences in fiber diges-
tion between grazers and browsers, but similar to Hof-
mann (1984, 1989) did find that salivary gland size was
approximately 4 times greater in browsers than grazers.
Robbins et al. (1995) found no difference in resting flow
rate of saliva between ruminant classes and concluded
that enlarged salivary glands may not serve to increase
passage rate of forages through the rumen. However,
these data are inadequate for testing the predictions of
Hofmann (1989). Hofmann (1989, p. 450) proposed in-
creased salivary production as a mechanism for rumen
bypass via the reticular groove while feeding, not when
resting as was tested by Robbins et al. (1995). Robbins
et al. (1995) also compared ruminal liquid flow rates in
grazers and browsers to test for increased passage in
browsers. But once again, they did not test the predic-
tions of Hofmann (1989) because he proposed rumen by-
pass, not increased ruminal flow rates, as a method to
transport soluble carbohydrates past the rumen. I believe
that the conclusion of Robbins et al. (1995) that “Hof-
mann’s nutritional and physiological interpretations of
anatomical differences amongst ruminants are not sup-
portable” is unfounded because they failed to measure
digestive characteristics relating to Hofmann’s hypothe-
sis of rumen bypass via the reticular groove. The conclu-
sion of Robbins et al. (1995) should have neither sup-
ported nor refuted Hofmann (1989), because flow rate
from the rumen is a measure of passage rate that is likely
independent of selective bypass of forages, and resting
salivary output should not influence bypass of forages
via the reticular groove.

Gordon and Illius (1996) examined the ruminant di-
versification hypothesis by modeling digestive parame-
ters such as passage, fermentation, and energy-supply
rates of both grazers and browsers, and incorporating in-
formation relating to body mass and chemical composi-
tion of forages. Although their model adequately repre-
sents traditional ruminant kinetics and even incorporates
cecal fermentation, it does not address the issue of ru-
men-bypass mechanisms and their influence on energy
assimilation. As a result, their data alone can not be used
to support or refute Hofmann (1989) because they do not
incorporate digestive kinetics of the abomasum and/or
small intestine.

I propose that in the 10 years since Hofmann (1989),
we have failed to adequately test whether physiological
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function varies among ruminants with morphological ad-
aptations to certain diet types. But has our knowledge
improved since Hofmann (1989)? Gordon and Illius
(1994, 1996) and Robbins et al. (1995) undoubtedly pro-
vided data that improved our understanding of ruminant
digestion. Yet, an essential component of the ruminant
diversification hypothesis, rumen bypass of selected for-
ages via the reticular groove, remains a mystery. As a re-
sult, the truth regarding the validity of the ruminant di-
versification hypothesis eludes us as well. We must de-
termine whether ruminants selectively bypass the rumen
via the reticular groove. If rumen bypass is a legitimate
physiological mechanism, we must assess its distribution
among and value to ruminant feeding types. Finally, we
need to estimate if rumen bypass mechanisms can supply
enough energy to account for discrepancies that have
been found between calculations of energetic intake and
requirements. Only after we have addressed these ques-
tions can we begin to draw conclusions regarding the ru-
minant diversification hypothesis.
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